Funding information
National Natural Science Foundation of China, Grant/Award Number: 81470425; Wu Liande Foundation of HMU, Grant/Award Number: Wld-qn1414; Harbin Science and Technology Bureau, Grant/Award Number: 2014RFXYJ023
Summary
Aims: A successful cephalosomatic anastomosis ("head transplant") requires, among others, the ability to control long-term immune rejection and avoidance of ischemic events during the head transference phase. We developed a bicephalic model of head transplantation to study these aspects.
Methods and Results:
The thoracic aorta and superior vena cava of a donor rat were anastomosed with the carotid artery and extracorporeal veins of a recipient rat by vascular grafts. Before thoracotomy in the donor rat, the axillary artery and vein of the donor were connected to the carotid and the extracranial vein of the third rat through a silicone tube. The silicone tube was passed through a peristaltic pump to ensure donor brain tissue blood supply. There is no ischemia reperfusion injury in donor brain tissue analyzed by electroencephalogram. Postoperative donor has pain reflex and corneal reflex.
Conclusions:
Peristaltic pump application can guarantee the blood supply of donor brain tissue per unit time, while the application of temperature change device to the silicone tube can protect the brain tissue hypothermia, postoperative experimental data show that there is no brain tissue ischemia during the whole operation. The application of vascular grafting can also provide the possibility of long-term survival of the model.
K E Y W O R D S
head transplantation, immune rejection, ischemia reperfusion injury, rat model in this context: immune rejection would be fatal to the patient, if not properly addressed. Prof White specifically noticed "no evidence of cellular changes compatible with a hyper-rejection reaction in cerebral tissue," which bodes well for the surgery, but the possibility of long-term rejection remains a critical issue. 6 We thus developed several animal CSA models, including a full head transplant in mice, with the goal of testing both neuroprotective techniques (e.g., hypothermia) and antirejection immunological protocols. 7, 8 Here, we improve on the bicephalic preparations employed by past pioneers (see above). This article describes the technique employed, and we discuss its implications.
| MATERIALS AND METHODS
The experimental protocol was approved by The Animal Care and
Use Committee of The Second Affiliated Hospital of Harbin Medical University, Harbin, PRC.
| Animals
Sixty male Wistar rats with different weights were studied (500 g:
N=15; 300 g: N=30; 100 g. N=15; 50 g: N=15) (study rats, donor rats, recipient rats: Figure 1B) . The study rat's and donor rat's weight ratio of 1/6 had the goal of avoiding circulatory overload (cardiac output of adult rats: ca 180 mL min
, the blood supply of brain tissue being about 25% of cardiac output). All animals were obtained from the animal center of Harbin Medical University. Rats were injected with 3% sodium pentobarbital intraperitoneally (50 mg/kg); barbiturateinduced respiratory depression was counteracted by atropine sulfate (0.1 mg IM). Anticoagulation was maintained by subcutaneous injection of heparin sodium (100U/100 g). Hypotensive episodes were reversed with norepinephrine injections (5 mg/kg). 
| Equipment

| Preoperative preparation (100 g and 500 g Rats)
Both carotid arteries and common iliac arteries were removed from 500 g and 100 g rats before the actual surgery, followed by ligation 
| Preparation of the blood supply of the study rat (300 g)
After successful induction of anesthesia in the 300 g rats, a transverse incision of the neck was carried out, followed by isolation of the soft tissues and muscles and full exposure of the carotid artery, external jugular vein, and trachea. At this point, tracheal intubation was performed and the animal connected to the ventilator. The carotid artery and external jugular vein were, respectively, ligated at the distal end;
silicone tubes were inserted into the proximal ends and connected to the donor rat's axillary artery and vein ( Figure 1C ). These tubes went through the peristaltic pump and the constant temperature water bath, where mild hypothermia (31±2°C) was induced for brain protection.
| Preparation of the donor rat (50 g)
50-g rats were anesthetized, and their trachea intubated and connected to the ventilator. An annular incision was performed in the middle of the sternum, followed by isolation of the pectoralis major and minor, which fully exposed the axillary artery and vein. As described above, the silicone tubing from the study rat was inserted into the donor rat's axillary artery, while the tube from the study rat's jugular vein was inserted through the axillary vein into the superior vena cava; the wall of the silicone tube was perforated, similar to deep venous catheters. Subsequently, both sternum and ribs were split up, F I G U R E 2 Donor blood's oxygen levels (preoperative, intraoperative, and postoperative)
while protecting the heart and lungs; after separating the thymus, the superior vena cava and thoracic aorta were fully exposed. The peristaltic pump was opened; the thoracic aorta and the superior vena cava were ligated and separated. The heart and lung were removed, dividing the esophagus, trachea, and spine; hemostasis was achieved whenever appropriate. The previously prepared blood vessels were anastomosed, the internal iliac artery and external iliac artery to the superior vena cava and the carotid artery to the thoracic aorta.
| Preparation of the recipient rat (300 g)
300-g rats were anesthetized, and their trachea intubated and connected to the ventilator. A transverse incision of the neck was carried out, followed by isolation of the soft tissues and muscles, with full exposure and distal ligation of the carotid artery and external jugular vein; a vascular clip was applied to the proximal end, and the vessels were cut. The back of the neck was longitudinally incised and soft tissues and muscles separated down to the plane between the posterior and anterior neck, to allow insertion of the transplanted blood vessels.
| Transplantation
The donor rat was transferred to the posterior neck of the recipient rat. The two previously stitched vessels were transferred along the channel to the anterior neck. Donor rats were firmly sutured to the back of the recipient rats. Finally, two graft vessels were anastomosed with the two vessels of the recipient. Until establishment of full crosscirculation between donor and recipient, their respective circulations were not interrupted. Thereafter, the silicone tubes were pulled out and the donor's axillary artery and vein ligated ( Figures 1D and 1E ). 
| Monitoring
Continuous monitoring of the donor's brain EEG was carried out for signs of ischemia pre-, intra-, and postoperatively (and waves). EEG can detect signs of impending ischemia at a very early stage. EKG monitoring was enacted to look for signs of circulatory overload or arrhythmias due to the anomalous circulatory load on the heart of the recipient. Blood oxygen saturation of the donor rat was also monitored with a clip on the rat's finger or ear.
| RESULTS
Fourteen groups (triads) survived for an average of >36 hours; one triad was accidentally lost during anesthesia. Postoperatively, there was no sign of peripheral ischemia or other vascular anomaly, or tissue necrosis in the transplanted donor rat ( Figures 1D and 1E ). Blood oxygen saturation remained normal, signaling ( Figure 2 ). Postoperatively, rats exhibited pain and corneal reflexes. No circulatory overload or other anomalies were seen on EKG in both donor and recipient;
baroreceptor stability was not compromised (Figures 3 and 4) . No sign of ischemia was ever detected on EEG at any time ( Figure 5 ). All rats were euthanized after about 36 hours.
| DISCUSSION
We designed a bicephalic model of head transplantation in a rat In our experiment, the donor head was first connected to a rat's blood supply, by peristaltic pumps, and only thereafter separated donor head from the donor body. In this state, the donor head was maintained for up to 6 hours, with no obvious abnormalities in the donor's EEG or corneal reflexes. Following nociceptive stimuli, the donor head exhibited substantial movement.
We speculate that the method used in this experiment can provide a new idea for the short-term preservation of central nervous system transplantation.
In sum, this model will facilitate current efforts toward the first human head transplantation. 
